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Finally, we were interested in what happened to the magnetic susceptibility of Zr as the hydrogen began to enter the metal. Thus, starting with pure, ductile Zr, we began measuring the susceptibility as a function of temperature, while the specimen was exposed to an atmosphere of hydrogen. Figure 5 shows the results. Naturally, at low temperatures the values are exactly those of the pure metal. At 900 0 K the specimen began slowly to take on hydrogen and the susceptibility began to increase. Beyond the A-point the specimen did not appear to gain or lose any appreciable quantity of hydrogen, and it is apparent that the susceptibility does not resemble that which the pure metal Zr shows in its high temperature phase. Comparing the A-point with that found for pure Zr in reference 4 (here represented in dashed lines), it is seen that the transition occurs about 200 0 lower. The actual structure change is, however, entirely different, which is rather surprising. The measured curve in Fig. 5 is not reversible with temperature (unless one also pumps out the hydrogen) as the new phase is preserved on lowering the temperature.
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Velocity of Sound in Liquids and Chemical Constitution
M. RAMA RAO Department of Physics, University of Mysore, Bangalore, India (Received January 20, 1941) A study of the recently obtained data on the velocity of sound and density in liquids reveals a simple relation between these quantities namely the law, v1M/p=R where v is the velocity of sound in the liquid, M the molecular weight, p the density and R a constant independent of temperature. It is shown that the velocity of sound cannot be a proper basis of comparison in any homologous series. The result of plotting the constant R against the molecular weight of members of homologous series leads to the equation R=exM+f3 where ex is a general constant and f3 a characteristic constant for anyone homologous series. The difference in R for successive members of homologous series is a constant independent of the series and R is an additive function of the chemical structure. Values of R for hydrogen, carbon, oxygen, bromine, and chlorine are tabulated. R a constant independent of the temperature.
Since M / p is equal to the molecular volume which is proportional to 0"3, where 0" is the mean molecular distance, it follows 3 that the velocity of sound in the liquid at any temperature is inversely proportional to ninth power of the mean distance between the molecules at that temperature. As the temperature of the liquid increases, 0" also increases, resulting in a decreased velocity of sound. When the pressure increases, 0" decreases resulting in an increased velocity of sound. These results 4 are true in the case of all non-associated liquids. Since R is independent of temperature, it follows that a change in the velocity of sound with temperature is determined by the dependence of the density on temperature. The law for the variation of v with temperature has been shown" to be where vo=velocity of sound when 0=0, Oc=criti-cal temperature on the absolute temperature scale.
The chief importance of sound velocity measurements in liquids has so far been in their rendering possible a determination of the adiabatic compressibility. From this and the isothermal compressibility derived from static measurements, it is possible to calculate the ratio of the specific heats of the liquid. This then gives us the value of the specific heat at constant volume. The most extensive investigation, undertaken with the object of comparing the velocity of sound of members of homologous series, has been carried out by Parthasara th y. 6 In general, aromatic compounds have higher velocity than the aliphatics. For the former the range is around 1300 m/sec., while for the latter 1300 m/sec. is about the upper limit. If we consider the velocity of sound to be the proper basis of comparison in homologous series, we find that in certain series the velocity increases with the increase in the length of the chain, in others it decreases with the increase in the length. In the benzene hydrocarbon series the velocity at first increases with the molecular weight and then decreases with the higher members of the series. The introduction of a heavier atom is found to bring down the velocity of sound. These qualitative observations are shown graphically in Fig. 1 , where the variation of the velocity of sound of successive members of homologous series is studied by plotting the velocity of sound against the molecular weight. It is noticed that for the saturated hydrocarbons the velocity increases with the molecular weight, the increase being not proportional to increase in the molecular weight. In the case of esters there 4 J. C. Swanson, J. Chern. Phys. 2,689 (1934) . 5 M. Rarna Rao, Ind. J. Phys. 14, 109 (1940) . 6 S. Parthasarathy, Curro Sci. 5, 11 (1937) . is a diminution in the velocity with the increase in the molecular weight. In the case of monohydric alcohols and ketones it is found that the velocity increases but not regularly with the increase in molecular weight. In the case of benzene hydrocarbons there is a marked maximum of the velocity of sound for xylene. For higher members of the series, the velocity decreases but not regularly. The graph shown in Fig. 1 is drawn at one temperature for all the liquids. Hence it is not possible to get any insight into the chemical constitution of the substance having as our basis of comparison the velocity of sound. The simple law between the velocity of sound in liquids and molecular volume v!.M / p = R, shows that a comparison of the values of R of two liquids is equivalent to the comparison of molecular volumes of these liquids at temperatures at which the acoustic velocity is the same in those liquids. The constant R for a liquid The average difference which corresponds to the value of R of the CH 2 group is found from the examination of several series to be 195.
may be regarded as the molecular volume of the liquid when the velocity of sound in it is unity. It is well known that molecular volumes of liquids at the boiling point are an additive function of the molecular volume. Since R can be regarded as a molecular volume when the velocity of sound in the liquid is unity, it is reasonable to suppose that the same additivity would apply to the constant R. This has proved to be definitely the case. In Table I are given values of R for members of homologous series. It is found that the difference in the value of R between successive members of a homologous series is a constant and independent of the type of compound. In Fig. 2 , values of R are plotted against the molecular weight of successive members of homologous series. It is seen that they are all straight lines having the same slope. In the first instance, the graph shows that for every addition of a CH 2 group the constant R increases by the same amount. Since all of them are a set of parallel lines, we can represent each one of them by the equation
R=aM+fJ,
where a is a constant independent of the series is attributed to the presence of such a bond. In Table III are given some of the vaI.ues obtained for different atoms and structures. When more data on the velocity of sound are available, it is seen from the above considerations that it should be possible to extend these investigations to the problems of chemical structure.
In conclusion it gives me great pleasure to record my thanks to Professor A. Venkata Rao Telang, for his encouragement throughout this investigation.
